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5.0  LASER  VELOCIMETER  TESTS 


Mean  velocity  (axial  component)  and  turbulence  velocity  (axial  component) 
measurements  of  twenty-five  (25)  selected  flow  conditions  with  six  (6)  models 
were  performed  employing  the  laser  velocimeter.  Aerodynamic  conditions  wnich 
define  the  test  points  are  given  in  Subsection  5.1.  Tabulations  which  explain 
the  scope  of  mean  velocity  traverses  and  turbulence  histogram  measurements  are 
also  presented  in  Subsection  5.1.  Subsection  5.2  contains  tabulated  data  that 
describe  tne  actual  LV  position,  the  type  of  traverses  and  measured  mean  and 
turoulent  velocities  along  with  copies  of  the  LV  mean  velocity  traces. 

5.1  Test  Matrix  and  Aerodynamic  Conditions  of  Test  Points 

The  aerodynamic  test  conditions  of  tne  twenty-five  (25)  test  points  are 
presented  in  Tables  5-1  through  5-6.  The  LV  test  points  presented  in  these 
tables  correspond  to  the  acoustic  test  points  presented  in  Tables  3.3  tnrough 
3.7  of  Volume  I. 

The  test  points  for  each  model  include  at  least  the  C-D  operating  point 
under  both  static  and  simulated  flight  conditions.  Approximately  half  of  the 
LV  tests  reported  herein  were  conducted  at  an  elevated  outer  flow  temperature 
of  T°^'944°K  (1700°R).  The  rest  were  conducted  at  a lower  outer  flow  temperature 
of  T°vM70°K  (850°R).  The  inner  flow  temperature  was  consistently  maintained  at 
at  T}'M70°K  (850°R).  Tables  5-7  through  5-34  summarize  the  scope  of  the  LV  tests 
which  consist  of  at  least  one  of  the  following: 

1.  Normal  axial  traverse:  along  and/or  parallel  to  the  nozzle  centerline. 

2.  Normal  radial  traverse*:  along  tne  lines  vertical  to  the  nozzle 

centerline  in  E-W  plane  (i.e.,  plane  defined  by  nozzle  axis  and 
microphone  array). 


*The  normal  radial  traverses  were  performed  only  near  the  exit  (on  the  plug 
surface)  and  indicated  by  the  coordinate  X'/h  where  X'  distance 

along  the  plug  surface  measured  from  the  outer  nozzle  lip  and  h represents 
step-height  of  the  outer  nozzle  (see  Tables  5-7  through  5-34). 


3.  Slant  axial  traverse:  along  tne  lines  parallel  to  the  slant  plug 
surface. 

4.  Point  Histograms:  Turbulent  velocities  were  measured  at  the  specified 
locations  during  the  above  mentioned  axial, radial  and  slant  traverses. 

5.2  Laser  Velocimeter  Test  Data 


The  measured  data  for  LV  test  points  given  in  Tables  5-1  through  5-6  are 
presented  as  follows: 

o Tabulated  data  in  Tables  5-35  tnrough  5-130.  The  taDles  summarize  the 
type  of  traverse  with  its  graph  number,  the  histogram  number  and  its 
location  as  defined  by  tne  position  of  the  LV  control  volume,  the 
measured  mean  and  turbulent  velocities. 

o Copies  of  the  mean  velocity  traces  obtained  on  the  Hewlett-Packard  X~Y 
Plotter.  General  remarks  on  the  LV  mean  velocity  traces  are  given  in 
Subsection  5.2.2. 

5.2.1  Tabulation  of  Laser  Velocimeter  Data 


The  parameters  used  in  the  tabulation  of  the  LV  data  are  defined 
below. 

Pr:  Pressure  ratio 

Ty:  Total  temperature,  °R 

Vj : Fully  expanded  jet  exit  velocity,  ft/s 

Va/c:  Free  Jet  velocity,  ft/s 

Deq  Defined  as  the  equivalent  diameter  based  on  total 

flow  area,  inches 

h:  Defined  as  the  outer  nozzle  annulus  height 

measured  vertically  to  the  plug  surface  between 
the  outer  wall  of  the  inner  nozzle  and  inner  wall 
of  the  outer  nozzle  sleeve  tip  at  the  nozzle 
throat. 


Type  of 
Traverse: 

Position: 

Graph  No: 

Histogram 
No. : 

Ref.: 

X,R,Z: 

X' ,R‘ ,Z 1 : 


Either  a radial,  an  axial  or  a slant  axial  traverse. 

Position  of  linear  voltage  displacement  transducer 
(LVDT) , volts. 

Identification  number  of  the  mean  velocity  trace. 
Identification  number  of  the  turbulence  histogram 

Reference  point  for  mean  velocity  traverse,  volts. 

Coordinates  which  define  tfje  flow-field  downstream 
of  the  plug  (see  figure  presented  in  Table  5-7). 

Coordinates  which  define  the  flow-field  on  the  plug 
surface  (see  figure  presented  in  Table  1-7). 


SUPERSCRIPT 

i:  Inner  nozzle 

o:  Outer  nozzle 

mix:  mixed  stream 

5.2.2  General  Remarks  on  LV  Mean  Velocity  Traces 

Copies  of  the  LV  mean  velocity  traces  are  presented  in  this  section. 
The  information  provided  on  the  traces  obtained  during  the  mean 
velocity  traverses  are  explained  on  a set  of  sample  traces  provided 
in  Figures  5-1  and  5-2,  Additional  general  remarks  on  the  mean 
velocity  traces  are  given  below: 

o Two  kinds  of  mean  velocity  traces  are  available  for  most  of  the 

test  points.  They  are  pen-traverse  and  mini -histogram.  During 
the  present  LV  tests,  the  mean  velocity  data  measured  with  the 
mi m -histograms  were  obtained  from  the  acceptable  data  samples 
set  to  20.  This  number  of  samples  yields  an  estimated  5 % error 
in  the  mean  velocity  measurements  with  a statistical  95% 
confidence  level  for  a given  turbulence  intensity  of  10%. 


531  / 


o The  "X-Axis”  and  "Y-Axis”  scales  are  marked  clearly  on  mini- 
histogram traces  only.  These  scales  are  applicable  to  the 
corresponding  pen  traverse  data  as  both  the  pen  and  mini -histogram 
traces  for  a given  traverse  were  obtained  at  the  same  time.  Also, 
all  the  traces  have  their  scale  factors  marked  in  the  plot- 
identification  block.  It  is  suggested  that  for  analyses  purposes 
the  mini-histogram  plots  be  used  as  they  are  more  distinct. 


o The  axial  mean  velocity  ( V-component)  presented  in  the  traces  is 
normalized  either  Dy  tne  ideally  expanded  outer-stream  exit 
velocity  ( Vj° ) or  by  the  ideally  expanded  mixed  stream  velocity 
(Vjmx)  which  is  defined  in  Section  3.0  of  Volume  I. 

o The  traverse  distance  is  normalized  either  by  the  outer  annulus 
height  (h)  or  oy  tne  equivalent  diameter  (Deq). 


Axial  Mean  Velocity,  V/V1?1* 
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Figure  5-1.  Sample  Traces  for  Axial  Mean  Velocity  Traverses 
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Figure  5-2. 


Sample  Traces  for  Radial  Mean  Velocity  Traverses 


TABLE  5-1. 


AERODYNAMIC  CONDITIONS  OF  LV  TEST  POINTS  OF  DFSC-1. 


c n 

co 

CJ1 


Test 

Point 


119 


120 


1119 


1120 


101 


Baseline  Coannular  Convergent  Plug  Nozzle  (Truncated  Plug) . 


3.303 


3.321 


3.434 


3.402 


(°R) 


1704 


1713 


861 


884 


V° 

J 


(ft/s) 


2450 


2461 


1754 


1772 


3.126 


3.123 


3.144 


3.140 


3.140 


T 

(°R) 


869 


875 


855 


858 


859 


= Pressure  Ratio 


T = Total  Temperature 

= Fully  Expanded  Jet  Exit  Velocity 


V^yc  = Free  Jet  Velocity 


1’ 


v1 

J 


(ft/s) 


1704 


1709 


1694 


1696 


1696 


j 


(ft/s) 


2297 


2308 


1744 


1759 


,mix 


T 

C°R) 


1534 


1543 


860 


880 


V 


a/c 
(ft/s) 


0 


400 


400 


Remarks 


\ Correspond  to  C-D 


Design  Point 


No  Outer  Stream 


Superscripts 

0 = Outer  Stream 

1 = Inner  Stream 
mix  = Mixed  Stream 


n 

o 2 

o y* 

33  r1 


<o 

r-  % 


TABLE  5-2. 


AERODYNAMIC  CONDITIONS  OF  LV  TEST  POINTS  OF  PFSC- 2 


Cl 

CO 

0*3 


Outer/Inner  C-D  Coannular  Plug  Nozzle  (Truncated  Plug). 


HiSSHiraiiiE 

0 

v° 

J 

V* 

J 

ytnix 

i 

Tmix 

T 

v / 
a/c 

! Point 

■H 

Remai  ks 

■■ 

(ft/s) 

ISSll 

(ft /s) 

(f  t/s) 

(°R) 

(ft/s) 

219 

3.313 

1681 

3.130 

859 

1695 

2297 

1494 

0 

i 

220 

3.318 

1700 

2451 

3.129 

852 

1688 

2308 

1506 

400 

1 

1219 

3.403 

846 

1733 

3.131 

842 

1678 

1744 

845 

G 

1 

Design  Point 

1220 

3.409 

873 

1762 

3.130 

840 

1677 

1759 

867 

400 

1 

201 

- 

- 

- 

3.141 

855 

1693 

- 

0 

Ng  Outer  Stream 

P = Pressure  Ratio 
r 


T = Total  Temperature 


V_.  = Fully  Expanded  Jet  Exit  Velocity 


Va/c  = Free  Jet  Velocity 


Superscripts 

0 = Outer  Stream 

1 = Inner  Stream 
mix  - Mixed  Stream 


go 


% o 
o s 


o 


30 


S 5 
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537 


TABLE  5-3. 


AERODYNAMIC  CONDITIONS  OF  LV  TEST  POINTS  OF  DFSC- 3 


Outer/Inner  C-D  Coannular  Plus  Nozzle  (Extended  Plug). 


B 

P° 

r 

T° 

T 

(°R) 

v° 

J 

(ft/s) 

P1 

r 

■ 

v1 

J 

(ft/s) 

v"11* 

j 

(ft/s) 

Tmix 

T 

C°R) 

Va/c 

(ft/s) 

Remarks 

319 

3.317 

1702 

3.128 

872 

1707 

2282 

1513 

0 

i 

320 

3.318 

1704 

2455 

3.126 

866 

1701 

2282 

1513 

400 

1 

1319 

3.389 

870 

1755 

3.122 

847 

1681 

1742 

866 

0 

1 

Desogn  Point 

1320 

3.416 

864 

1754 

3.126 

856 

1691 

1743 

863 

400 

I 

301 

- 

- 

- 

3.128 

852 

1689 

- 

- 

0 

No  Outer  Stream 

P - Pressure  Ratio 
r 

T 

T = Total  Temperature 

V.  - Fully  Expanded  Jet  Exit  Velocity 

V^^  = Free  Jet  Velocity 


Superscripts 

0 = Outer  Stream 

1 = Inner  Stream 
mix  = Mixed  Stream 


go 

^ ZQ 

13  O 
O 
O 
33 


S 

r- 


fO  -£3 

C S 
> © 

n pa 


TABLE  5-4 


AERODYNAMIC 


f : 

5 i 

1$  : Multi-Element  Outer  Streai 


Outer/Inner  Flowpaths. 


Test 

Point 

P° 

r 

T° 

T 

(°W 

V? 

J 

(ft/s) 

p1 

r 

■ 

415 

3.136 

g 

m 

863 

416 

3.118 

1699 

2396 

2.922 

873 

1415 

3.202 

853 

1703 

2.910 

855 

1416 

3.216 

878 

1730 

2.909 

847 

cn 

CO 

GO 

i P * Pressure  Ratio 

!j  T 

(j  T = Total  Temperature 

.1, 

I V.  = Fully  Expanded  Jet  Exit  Velocity 

I J 

| ^a/c  = ^ree  Jet  Velocity 


3S  OF  LV  TEST  POINTS  OF  DFSC-4. 


H 


1 


m Suppressor  Nozzle,  Convergent  Terminations  on 


V? 

J 

v")lx 

J 

T^1X 

v / 
a/c 

Remarks 

(ft/s) 

(ft/s) 

(°R) 

(ft/s) 

1654 

m 

1521 

0 

] 

1664 

2244 

1529 

400 

I 

1644 

1694 

853 

0 

Design  Point 

1636 

1716 

873 

400 

> 

Superscripts 

© © 
ffi)  |?1 

o = Outer 

Stream 

i = Inner 

Stream 

O :£ 

mix  = Mixed 

Stream 

2 9 

s r* 

rO  "O 
C S3 
> 

r* 

era 

GQ 
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s 

TABLE  5-5 . AERODYNAMIC  CONDITIONS  OF  LV  TEST  POINTS  OF  PFSC-  5. 

Multi-Element  Outer  Stream  Suppressor  Nozgle  x<rith  C-D  Terminations  on 


Outer /Inner  Flowpaths. 


Test 
| Point 

P° 

r 

T° 

T 

(°R) 

V° 

3 

(ft/s) 

P1 

r 

■ 

V* 

1 

(ft/s) 

vfx 

(ft/s) 

T?lx 

(°R) 

V / 
a/c 

(ft/s) 

Remarks 

511 

3.128 

1709 

g 

859 

2246 

1530 

0 

512 

3.120 

1651 

2361 

2.910 

848 

1637 

2209 

1483 

400 

1 

\ Correspond  to  C-D 

1511 

3.212 

855 

1707 

2.911 

848 

1638 

1696 

854 

0 

Design  Point 

1514 

3.214 

897 

1749 

2.919 

865 

1656 

1734 

892 

400 

J 

P ■ Pressure  Ratio 
r 

T 

T - Total  Temperature 

V.  = Fully  Expanded  Jet  Exit  Velocity 

Va/c  » Free  Jet  Velocity 


Superscripts 

0 ==  Outer  Stream 

1 = Inner  Stream 
mix  = Mixed  Stream 


O O 
■n  33 

T3 

0 2 
2 53 

.O  T3 

> 0 
r m 


3 


TABLE  5-6 . AERODYNAMIC  CONDITIONS  OF  LV  TEST  POINTS  OF  DFSC- 6 

Convergent  Coannular  Nozzle  with  a Sharp  Tip  Plug. 


Test 

P° 

Point 

r 

619 

3.302 

620 

3.317 

649* 

3.335 

1619 

3.397 

1620 

3.412 

J 

(ft/s) 


3.119  871 


2459  3.145  868 


1.797 


3.122 


= Pressure  Ratio 

= Total  Temperature 
= Fully  Expanded  Jet  Exit  Velocity 

r = Free  Jet  Velocity 


vi  vmix  Tmix  v 

J J T a/c 

(ft/s)  (ft/s)  (°R)  (ft/s) 


1705  2289  1523 


1707  2304  1538  400 


Superscripts 

0 = Outer  Stream 

1 = Inner  Stream 
mix  = Mixed  Stream 


Design  Point 


Outer  Stream  Supersonic 
Inner  Stream  Subsonic 


Design  Point 


Matching  Acoustic  Test  Point  is  Designated  as  7619 


OF  POOR  QUALITY 


ORIGINAL  page  hw 
of  POOR  QUALITY 


TABLE  5-7. 


S.QQ-P^  0F  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS  


M°DEL  — --~1;  Baseline  Coannular  Convergent  Nozzle  (Truncated  Plm^ 
TEST  POINT  119  " 


Type 

of 

Syst . 

Type 

of 

Traverse 

| MEAN  VELOCITY  TRAVERSES 

t- — * — — 

turbulence  HISTOGRAMS 

MEASURED 
FLOW  REGIONS 

1 GRAPH 
j ID.  NUMBER 

NO.  OF  HISTO. 
& MEASURED 
LOCATION 

HISTOGRAM 

NO. 

axial 

R/%  =o.o 

903-904 

<u 

w 

u 

= 0.5 

905-905A 

18 

2111-2128 

J- 

0; 

> 

w 

re 

E 

D 

5Z 

RADIAL 

X 

„ 0.11 
/h°  = to 
16.12 

906  to  925 

Q> 

CO 

AXIAL 

R’/tf*  ** *** 

926-927 

•U  QJ 

C > 



930-931 

16 

2129-2144 

« ro 

*H  u 
C/3  H 

__ 

*** 

928-929 

— 

= 

* Along  Outer  Nozzle  Lip-Line 

**  Along  Inner  Nozzle  Lip-Line 

***  A1°ng  Outer  Stream  Centerline 


«c4Si. 


original  page  us 

OF  POOR  QUALITY 


TABLE  5-8.  SCOPE  OF  LV  MEAN  VELOCITY  TRAV7BSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

M0DEL  P-F.SC~  1;  Baseline  Coaimular  Convergent  Nozzle  (Truncated  Plug) . 
TEST  POINT  120  " * “ 1 


Type 

of 

Traverse 


mean  velocity  traverses  turbulence  histograms 


MEASURED  GRAPH 

FLOW  REGIONS  ID.  NUMBER 


NO.  OF  HISTO. 
& MEASURED 


<3 

» 


. PftGI  IS  1 

I QUALITY  : | 

j 

’ TRAVERSES  AND  POINT 
.TIONS 


ent  Nozzle  (Truncated  Plug). 


ORIGINAL.  PAGE  U 
OF  POOR  QUALITY 


TABLE  5-10. 


SCOPE  OF LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS  “ 


M°DEL  -FS-C"  I?  Baseline  Coannular  Convergent  Nozzle  (Truncated  Pint 
TEST  POINT  1120  — « 


Type 
of  1 
Traverse  L 


I *****  VEL0CITY  TRAVERSES  turbulence  histograms 

MEASURED  J GRAPH  NO.  OF  HISTO 

FLOW  REGIONS  j id.  NUMBER  & MEASURED  HISTOGRAM 

mL’IlQR N0' 


836-837 


838-839 


2046-2072 


RAD!AL  ! oag  | 

x’/hc=  to  ! 840-853 

10.92  I 

AXIAL  ! RJ./h°  ■ ** 

L ! = ***  867-8 fifi 

i , = 


869-870 


2073-2094 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


original  page 

OF  POOR  QUALITY 


SC0PE_0F  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 


M0DEL  DFSC-  1;  Baseline  Coannular  Convergent  Nozzle  (Truncated  Plug). 
TEST  POINT  101  ~ 


Type 

of 

Svst . 

Type 

of 

Traverse 

r 

MEAN  VELOCITY  TRAVERSES 

TURBULENCE  HISTOGRAMS 

MEASURED 
FLOW  REGIONS 

graph 

ID.  NUMBER 

NO.  OF  HISTO. 

& MEASURED 
LOCATION 

HISTOGRAM 

NO. 

K/Deq  = 0.0 

834-835 

o 

AXIaL 

u 

0> 

> 

re 

u 

6- 

f— 4 

re 

radial 

Z 

X/D  = to 

eq 

0 ) 
« 

AXIAL 

831-832 

±J  QJ 

C > 

1 

833 

re  re 
r-*  U 

tn  e- 

“ 

n 

* 

** 

*** 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


0 


ORIGINAL.  PASS  Si 
OF  POOR  QUALITY 


TABLE  5-12.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

MODEL  DFSC-2;  Coannular  C-D  Nozzle  (Truncated  Plug) . 

TEST  POINT  219 


Type 

of 

MEAN  VELOCITY  TRAVERSES 

TURBULENCE  HISTOGRAMS 

Traverse 

MEASURED 
FLOW  REGIONS 

GRAPH 

ID.  NUMBER 

NO.  OF  HIST0. 
& MEASURED 
-LOCATION 

HISTOGRAM 

NO. 

, 

RADIAL  ' 0.09 

•X'/ti  = to 
! 10.28 


;g  j 979-998 

i 


**  i 1059-1060 




— k 

1063-1064 

= *** 

1062-1062 

Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


«t  S 
Jar- 

X 


546 


Slant 

Traverse  Normal  Traverse 


R] 


ORIGINAL  m©E  |Q 
OF  POOR  QUALITY 


TABLE  5-13.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS ~ 

M0DEL  DFSC-2;  Coannular  C-D  Nozzle  (Truncated  Plug^). 

TEST  POINT  220 


pe  Type 

f of 

st . Iraverse 


MEAN  VELOCITY  TRAVERSES  TURBULENCE  HISTOGRAMS 


MEASURED  j GRAPH 
FLOW  REGIONS  j ID.  NUMBER 


R/Deq  = 0.0 


999-1000 


1001-1002 


NO.  OF  HISTO. 
& MEASURED 


imVlU) 


2216-2230 


RAt*  xAL 

| 0.09 

j ^Vb°  = to 

1 1003-1022 

! 10.28 

1 

AXIAL 


R,/hc  = 

** 

• 1065-1066 

! = 

* 

1069-1070 

= *** 


1067-1068 


2262-2272 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


woflvAI.  L'l 

r POOR  QUALITY 


TABLE  5-14.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 

MODEL  DFSC-  2;  Coannular  C-D  Nozzle  (Truncated  Plug). 

TEST  POINT  1219 


Normal  Traverse 


TABLE  5-15. 


OF  POOH  H * 


SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCAlfONS  " — 


MODEL  PPSC-2;  Coannular  C-D  Nozzle  (Truncated  Plug). 


TEST  POINT  1220 


pe  Type 
f of  1 

st.  Traverse  l 


MEAN  VELOCITY  TRAVERSES  TURBULENCE  HISTOGRAMS 


AXIAL 


MEASURED  j GRAPH 
FLOW  REGIONS  j ID.  NUMBER 


= 0.5 


1023-1024 


1025-1026 


NO.  OF  HISTO. 
& MEASURED 


ivJvAvu) 


2216-  2231 


RADIAL 


0.09 
5 to 
10.28 


1027-1046 


AXIAL 


1071-1072 


1075-1076 


1073-1074 


Along  Outer  Nozzle  Llp-I.ine 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


histogram 

NO. 


ORIGINAL  P&CE  13 
OF  POOR  QUALflV 


TABLE  5-17.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

MODEL  DFSC-  3;  Coannular  C-D  Nozzle  (Extended  Plug). 

TEST  POINT  319 


ORIGINAL  PAGE  Eg 
OF  POOR  QUALITY 


TABLE  5-18. 


.SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 


MODEL  DFSC-3;  Coannular  C-D  Nozzle  (Extended  Plug) 


TEST  POINT  320 


Type 

of 

Traverse 


AXIAL 


MEAN  VELOCITY  TRAVERSES  TURBULENCE  HISTOGRAMS 


MEASURED 


GRAPH 


FLOW  REGIONS  j ID.  NUMBER 


!R/D  - o.O 
| lS 

= 0.5 


1087-1088 

1089-1090 


NO.  OF  HISTO. 
& MEASURED 


N 


RADIAL 


Along  Outer  Nozzle  Lip-Line 

* Along  Inner  Nozzle  Lip-Line 

* Along  Outer  Stream  Centerline 


552 


. *Tu»  "•■**  ^ 


TABLE  5-19.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATION?  ~ " 

M0DEL  DFSC-  3;  Coannular  C-D  Nozzle  (Extended  Plug). 

TEST  POINT  1319 


MEAN  VELOCITY  TRAVERSES 


TURBULENCE  HISTOGRAMS 


ORIGINAL  PAGE  B§ 
OF  POOR  QUALITY 


TABLE  5-20.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

MODEL  DF5C-  3;  Coannular  C-D  Nozzle  (Extended  Plug). 

TEST  POINT  1320 


origsnal  page  m 

OF  POOR  QUALITY 


TABLE  5-21. 


SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 


MODEL  DFSC-  3;  Coannular  C-D  Nozzle  (Extended  Plug) . 


TEST  POINT  301 


Type 
of  1 
Traverse  ! 


MEAN  VELOCITY  TRAVERSES 


TURBULENCE  HISTOGRAMS 


AXIAL 


MEASURED  j GRAPH 
FLOW  REGIONS  : ID.  NUMBER 


NO.  OF  HISTO 
& MEASURED 


HISTOGRAM 

NO. 


R/Dec  = 0.0  | 1077-1078 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


555 


Traverse  / Normal  Traverse 


ORIGINAL  PAGE  ® 
OF  POOR  QUALITY 


TABLE  5-22.  SqgPE  LV  ^ VELOCITY  TRAVERSES  ACT  «mrr 
TIRBILENCE  HISTOGRAM  LOCATIONS  “ 

M0I)EL  — -C"*;  Coannular  Suppressor  Convergent 

TEST  POINT  415  


QRIQ2NAL  FAGS  I's 
OF  POOR  QUAUTtf 


TABLE  5-23.  SCOPE  OF  LV  MEAN’  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

MODEL  DFSC-  4;  Coannular  Suppressor  Convergent  Nozzle. 

TEST  POINT  416 


Type 
of  of 
Svst.  Traverse 


MEAN  VELOCITY  TRAVERSES 


MEASURED  j GRAPH 
PLOW  REGIONS  i ID.  NUMBER 


1183-1184 


TURBULENCE  HISTOGRAMS 


NO.  OF  HISTO.  HISTOGRAM 
& MEASURED  Nq4 


c 0.5 

1185-1186 

17 

2377-2393 

RADIAL 

n °*05 

x’/h  ® to 

.1187  to  1206 

7.24 

— . 

AXIAL 


1227-1228 


11225-1226 


***  i 1223-1224 


2434-2451 


* Along  Outer  Nozzle  Lip-Line 

**  Along  Inner  Nozzle  Lip-Line 

***  Along  Outer  Stream  Centerline 


* % 


Normal  Trn vor.se 


ORIGINAL  PA<sL 

op  poor  quaut 


SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS  


MODEL  DFSC-4;  Coannular  Suppressor  Convergent  Nozzle . 


TEST  POINT  1416 


Norm.nl  Tr.n verse 


ORIGINAL  P&QE  Iff 
OF  POOR  QUALITY 


TABLE  5-26- 


SCOPEOF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

turbulence  histogram  locations 


MODEL  DFSC-  5;  Coannular  Suppressor  C-D  Nozzle. 
TEST  POINT  511  ~~  ” 


, pe  Type 

of  of 

Syst.  Traverse 


MEAN  VELOCITY  TRAVERSES  TURBULENCE  HISTOGRAMS 


AXIAL 


i MEASURED  j GRAPH 
[FLOW  REGIONS  j ID.  NUMBER 


lR/Deq  “0.0  | 1239-1240 

= 0.5  | 1241-1242 


NO.  OF  HISTO. 
& MEASURED 


HISTOGRAM 


2474-2488 


RADIAL 


AXIAL 


-1.65 

to 

-0.06 


1243-1260 


2567-2568 


2569-2570 


2571-2572 


2588-2605 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


Normal  Traverse 


0H03MAL  P*®*  ™ 
OF  POOR  Qb^LU 


TABLE  5-27. 


SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LnCATTfmc; 


M0DEL  -FSC~  5;  CoannuXar  Suppressor  C-n  No2zle. 
TEST  POINT  512 


of 

Traverse  . 

i MEAN  VELOCITY  TRAVERSES 

! MEASURED  j 

FLOW  REGIONS  : 

GRAPH 

1 ID.  NUMBER 

2531-2532 


= 0.5  | 2533-2534 


TURBULENCE  HISTOGRAMS 


NO.  OF  HISTO. 
& MEASURED 


HISTOGRAM 

NO. 


2511-2325 


radial  ! 0_05 

: X'/h°  = to 

• 2535-2554 

! 6.81 

j 

AXIAL 


2555-2556 


2557-2558 


2526-2543 


Along  Outer  No22le  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


561 


Normal  Traverse 


TABLE  5-28. 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


SCOPE  or  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 


MODEL  DFSC-  5;  Coannular  Supprtf'sor  C-D  Nozzle. 


TEST  POINT  1511 


Type 

of 

MEAN  VELOCITY  TRAVERSES 

Traverse 

MEASURED 

GRAPH 

FLOW  REGIONS 

ID.  NUMBER 

AXIAL 


0.0  1215-1216 


0.5  1217-1218 


TURBULENCE  HISTOGRAMS 


I HISTOGRAM 
& MEASURED  I j^q 


2453-2473 


RADIAL 


X7h°=  to 


1219-1238 


AXIAL 


2563-2564 


2565-2566 


2565-2587 


* Along  Outer  Nozzle  Lip-Line 

**  Along  Inner  Nozzle  Lip-Line 

***  Along  Outer  Stream  Centerline 


562 


ORIGINAL  PAGI  Us 
OF  POOR  QUALITY 


TABLE  5-29.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

MODEL  DFSC-  5;  Coannular  Suppressor  C-D  Nozzle. 


TEST  POINT  1514 


Type 

of 

Traverse 


AXIAL 


MEAN  VELOCITY  TRAVERSES 


I MEASURED  | GRAPH 
IFLOW  REGIONS  1 ID.  NUMBER 


0.0  I 1261-1262 


TURBULENCE  HISTOGRAMS 


NO.  OF  HISTO.  HISTOGRAM 
& MEASURED  vn 


l»*«I*V*<*> 


= 0.5 

1263-1264 

22 

2489-2510 

RADIAL 


X’/h°  = to  : 2511  t0  2530 

6.81  i 


2559-2560 


2561-2562 


2544-2564 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


TABLE  5-30. 


ORIGINAL  PA££  m 
OF  POOR  QUAL8TV 


SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS  " “ 


MODEL  DFSC-  6;  Coannular  Convergent  No22le  (Extended  Plug). 


TEST  POINT  619 


Type 
of  of 

Svst.  Traverse 


MEAN  VELOCITY  TRAVERSES  i TURBULENCE  HISTOGRAMS 


! MEASURED  | GRAPH 
FLOW  REGIONS  j ID.  NUMBER 


3016-3017 


= 0.25  3018-3019 


0.5  ; 3020-3021 


NO.  OF  HISTO. 
& MEASURED 


HISTOGRAM 

NO, 


3001-3016 


RADIAL 


AXIAL 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


564 


;1 


UF  POOR  QUALITY 


TABLE  5-31.  SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 

TURBULENCE  HISTOGRAM  LOCATIONS 

M0DEL  PJSQ-6;  Coannular  Convergent  Nozzle  (Extended  Plug). 
TEST  POINT  620 


Type 
of  of 

Syst.  Traverse 


AXIAL 


RADIAL 


MEAN  VELOCITY  TRAVERSES 


MEASURED  j GRAPH 
FLOW  REGIONS  j ID.  NUMBER 


0.5  3010-3011 


TURBULENCE  HISTOGRAMS 


NO.  OF  HISTO. 
& MEASURED 
N 


immw) 


HISTOGRAM 

NO. 


AXIAL 


* | 3012-3013 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


565 


JS»* 


ORIGINAL  IS 

OF  POOR  QUALITY 

TABLE  5-32. 

SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 

TEST  POINT  649 


°f 

Traverse 


1 AXIAL 


' MEAN  VELOCITY  TRAVERSES 


I MEASURED  j GRAPH 
'FLOW  REGIONS  j ID.  NUMBER 


R/Dgq  = 0.0  3022-3023 


TURBULENCE  HISTOGRAMS 


NO.  OF  HISTO. 
& MEASURED 


□ 

= 0.25 

3024-3025 

0.5 

3026-3027 

HISTOGRAM 

NO. 


3017-3028 


RADIAL 


AXIAL 


jX/D  = to 
1 eq 


Along  Outer  Nozzle  Lip-Line 
Along  Inner  Nozzle  Lip-Line 
Along  Outer  Stream  Centerline 


ORIGINAL  PAG£  SS 
OF  POOR  QUALITY 


SCOPE  OF  LV  MEAN  VELOCITY  TRAVERSES  AND  POINT 
TURBULENCE  HISTOGRAM  LOCATIONS 


MODrL  DFSC-  6;  Coannular  Convergent  Nozzle  (Extended  Plug) . 


TEST  POINT  1619 


Type 
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6.0  STATIC  PRESSURE  TEST  DATA 


In  addition  to  tne  acoustic »LV  and  shadowgraph  tests,  static  pressure 
measurements  were  performed  with  the  coannul ar  C-D  plug  nozzle  (DFSC-2)  and 
the  coannul ar  C-D  suppressor  nozzle  (DFSC-5).  Tne  objective  of  these  tests 
was  to  define  the  actual  C-D  operating  condition.  During  the  work  effort  for 
the  companion  contract  NAS3-22514*,  a limited  number  of  static  pressure 
measurements  were  performed  in  the  base  pressure  regions  of  the  chutes  of  tne 
20-snall ow-cnute  suppressor  C-D  plug  nozzle  (Model  6).  The  objective  of  these 
tests  was  to  assess  the  influence  of  the  suppressor  on  the  nozzle  thrust 
coefficient.  This  outer  stream  suppressor  was  chosen  as  an  outer  nozzle  for 
the  suppressed  outer  stream  coannul ar  plug  nozzle;  dual  convergent-divergent 
(DFSC-5).  Since  tne  base  pressure  data  obtained  with  the  Model  6 are  not 
documented  in  the  Comprehensive  Data  Report  for  NAS3-22514  and,  furthermore, 
no  work  effort  was  done  to  perform  the  similar  oase  pressure  measurements  with 
DFSC-5  in  the  present  program,  these  data  are  presented  herein  along  with  the 
above  mentioned  static  pressure  data  obtained  in  the  C-D  flowpath. 

The  static  pressure  probes,  as  installed  on  the  outer  nozzle  sleeve  of 
DFSC-2  ano  on  the  suppressor  of  DFSC-5,  are  shown  in  Figures  6-1  and  6-2. 

The  locations  and  identifications  of  these  probes  are  indicated 

in  these  figures. 


Tables  6-1  and  6-2  summarize 
static  pressure  measurements.  Those 
velocities  of  0,  and  400  ft/s. 


tne  aerodynamic  flow  conditions  for  the 
data  were  recorded  with  free-jet 


Tables  6-3  and  6-4  summarize  the  static  and  base 
corresponding  to  tne  ae  odynamic  conditions  of  tables  6-1 


pressure  data 
and  6-2. 


♦"Experimental  Investigation  of  Shock-Cell  Noise  Reduction  for  Single-Stream 
Nozzles  in  Simulated  Flight",  R82AEB491;  July,  1982.  (Reference  4-1). 
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Figure  6-1.  Application  of  Surface  Static  Pressure 
Instrumentation  to  the  C-D  Sleeve  of 
Configuration  DFSC-2. 
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Figure  6-2.  Application  of  Static  Pressure  Instrumentation  to  the  C-D  Elements  of  DFSC-5. 
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able  6-3.  Static  Pressure  .Test  Data  for  Model  DFSC-? 

Coannular  C-D  Nozzle  with  Truncated  Plug. 
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Table  6-4.  Static  Pressure  Test  Data  for  Model  DFSC-5 
Coannular  Suppressor  C-'D  Nozzle  - Static. 
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Table  6- 4. (Concluded ) . Static  Pressure  Test  Data  for  Model  DFSC-5: 

Co annular  Suppressor  C-D  Nozzle-  SimulatedFlight 
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7.0  SHADOWGRAPH  TESTS 


To  aid  in  a better  understanding  of  shock  cell  noise  and  tne  development 
of  an  analytical  prediction  model  for  shock  noise  from  the  coannul ar  plug 
nozzle,  flow  visualization  shadowgraph  tests  were  conducted  in  addition  to  the 
laser  veloci meter  measurements. 

A total  of  eighty-four  (84)  shadowgraph  photographs  were  taken  with  twenty- 
one  (21)  plumes.  Approximately  half  of  these  photographs  were  obtained  with  a 
free- jet  velocity  of  400  ft/s.  In  the  present  report,  only  meaningful  shadow- 
graph photographs  of  sixty-two  (62)  are  presented. 

Subsection  7.1  contains  the  test  matrix  and  corresponding  aerodynamic  flow 
conditions  under  which  snadowgraph  tests  were  conducted  along  with  a summary 
of  shadowgraph  tests,  as  presented  in  Tables  7-1  through  7-5.  Snadowgraph 
photograpns  are  presented  in  Subsection  7.2.  The  shadowgraph  number  snown 
above  each  photograph  corresponds  to  the  “photo  I.U."  indicated  in  Tabies  7-1 
through  7-5. 
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7.1  Test  Matrix  and  Aerodynamic  Flow  Conditions  of  Test  Points 
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Table  7-1 


Test  Details  of  Shadowgraph  Photographs  with  Baseline  Coannular 
Convergent  Nozzle  (DFSC-1). 


Test 

Point 


Aerodynamic  Flow  Conditions 


Vj 

(fps) 


(°R) 

(fps) 

(fps) 

I.D. 

x (in.) 

fism 

y (in. 

855 

1688 

0 

29 

-7.44 

3.75 

30 

-0.01 

3.75 

32 

3.46 

0 

Summary  of  Shadowgraph  Photo  Tests 
Phntn  Shadowgraph 

Photo  Center  Flow  Field  Covered  by 
I.D.  Location Shadowgraph  Photos 


3.33  1699  2452  3.13 


3.41  864 


3.41  880 


3.13 

844 

1680 

0 

3.13 

866 

1701 

400 

-6.85  3.27 

0.45 


-7.55  3.41 


3.85 

12.05 


-7.55  3.52 

0.65  3.52 

4.05  0 

12.35  0 
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Aerodynamic  Flow  Conditions 


HU 

p 

a1 

T1 

1T 

(°R) 

1766 


1.609 


1085 


Table  7-2. 


Test  Details  of  Shadowgraph  Photographs  with  Coannular  C-D  Nozzle 
(truncated  Plug;  DFSC-2) . 


Test 

Point 


1219  3.40 


Aerodynamic  Flow  Conditions 


P 


1679  3.12  862 


220  3.33  1695  3.12  873 


3.13  851 


1220  3.41  875  3.13  852 


(fps) 

Vac 

(fps) 

1696 

0 

1705 

400 

1687 

0 

1687 

400 

Summary  of  Shadowgraph  Photo  Tests 


Flow  Field  Covered  by 
Shadowgraph  Photos 


■3.97  3.32 

2.19  3.32 
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Table  7-2 


Concluded 


Aerodynamic  Flow  Conditions 


u 

m 

Hi 

mm 

1 

5219 

3.415 

557 

1408 

3.146 

862 

i 

1700 

i 

1 

1 

1 
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Test  Details  of  Shadowgraph  Photographs  with  Coannular  C-D  Nozzle 
(Extended  Plug;  DFSC-3) . 


Test 

Point 


Aerodynamic  Flow  Conditions 


2442  3.13  861 


3.33  1698  2451  3.13  875 


4 

(fps) 

Vac 

(fps) 

1696 

0 

1710 

400 

1688 

0 

1692 

400 

Summary  of  Shadowgraph  Photo  Tests 


Shadowgraph 
Photo  Center 


_x  (in.) 


-6.52  3.17 


Flow  Field  Covered  by 
Shadowgraph  Photos 
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Table  7-4 


Test  Details  of  Shadowgraph  Photographs  with  Coannular  Suppressor  Convergent 
Nozzle  (DFSC-4). 


Test 

Point 


Aerodynamic  Flow  Conditions 


Summary  of  Shadowgraph  Photo  Tests 


Shadowgraph 
Photo  Center 


Flow  Field  Covered  by 
Shadowgraph  Photos 
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Table  7-5. 


Details  of  Shadowgraph  Photographs  with  Coannular  Suppressor 
C-D  Nozzle  (DFSC-5) . 


Test 

Point 


Aerodynamic  Flow  Conditions 


P 


Summary  of  Shadowgraph  Photo  Tests 


T° 

aT 

(°R) 

(fps) 

1725 

2419 

1718 

2412 

877 

1732 

876 

1729 

Shadowgraph 
Photo  Center 


Hfli 

uy.y.u-y 

x (in.) 

EKES 

28 

-5.53 

3.53 

29 

0.84 

3.53 

30 

2.82 

0 

31 

-4.75 

0 

25 

-5.39 

3.58 

26 

0.91 

3.58 

27 

2.47 

0 

m 

-5.10 

2.92 

Mis 

1.90 

2.92 

19 

3.53 

0.26 

21 

-5.17 

2.66 

22 

1.12 

2.66 

23 

3.32 

0 

Flow  Field  Covered  by 
Shadowgraph  Photos 
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8.0  NOMENCLATURE 


Cross-Sectional  Area 
Speed  of  Sound 
Convergent-Divergent 
Comprehensive  Data  Report 
Diameter 
Thrust 

Reference  Thrust,  5130  pounds 
Annular  Step  Height 
Shock-Cell  Spacing 

Mixed  Shock  Strength  Parameter,  10  log  Beff,  Refer  Table  3-1  for  Definition 
Laser  Velocimeter 

Mixed  Velocity  Parameter,  10  log  V™x/aamb>  Refer  Table  3-1  for  Definition 
Mach  Number 

Normalizing  Factor,  Defined  in  Table  3-1 
Overall  Sound  Pressure  Level 
Overall  Sound  Power  Level 
Pressure 

Defined  = P/Pamb 
Defined  in  Table  3-1 
Perceived  Noise  Level 

Normalized  PNL,  Defined  as  PNL  - 10  log  (F/Fref)  (p/Pamb)“"1 
Tone  Corrected  Perceived  Noise  Level 
Relative  Humidity 
Radius 

Slant-Traverse  Radial  Coordinate 
Sound  Pressure  Level 
Temperature 

Ideally  Expanded  Velocity 
Mass  Flow  Rate 
Axial  Distance 

Axial  Distance  Measured  Along  Plug  Surface 


l'i  Radial  Distance  in  N-S  Direction 

G 1 1 

6 Effective  Shock  Strength  Parameter 

y Specific  Heat  Ratio 

6i  Angle  Measured  Relative  to  the  Inlet  Centerline 

8!»e2  Divergent  Flap  Angle/Plug  Angle 

P Density 

w Density  Exponent 


SUBSCRIPTS 


ac,  a/c 

amb 

eq 

J • 
r 
s 
T 


Aircraft 

Ambient  Conditions 
Equivalent 

Based  on  Ideal  Jet  Conditions 

Ratio 

Static 

Stagnation  Condition 


SUPERSCRIPTS 

i Inner 

o Outer 

mix  Fully  Mixed  Conditions 


/oft 


■*  », 
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